The functions of interleukin-17A (IL-17A) in adipose tissues and adipocytes have not been well understood. In the present study, male mice were fed with a regular diet (n = 6, lean mice) or a high-fat diet (n = 6, obese mice) for 30 weeks. Subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) were analyzed for IL-17A levels. SAT and VAT were treated with IL-17A and analyzed for inflammatory and metabolic gene expression. Mouse 3T3-L1 pre-adipocytes were differentiated into adipocytes, followed with IL-17A treatment and analysis for inflammatory and metabolic gene expression. We found that IL-17A levels were higher in obese SAT than lean SAT; the basal expression of inflammatory and metabolic genes was different between SAT and VAT and between lean and obese adipose tissues. IL-17A differentially induced expression of inflammatory and metabolic genes, such as tumor necrosis factor α, Il-6, Il-1β, leptin, and glucose transporter 4, in adipose tissues of lean and obese mice. IL-17A also differentially induced expression of inflammatory and metabolic genes in pre-adipocytes and adipocytes, and IL-17A selectively activated signaling pathways in adipose tissues and adipocytes. These findings suggest that IL-17A differentially induces inflammatory and metabolic gene expression in the adipose tissues of lean and obese mice.
Introduction
Obesity is defined as having a body mass index (BMI) ě30 kg/m 2 in the adults (>19 years old). Approximately 35% of adult Americans are obese [1] . Obesity is associated with type 2 diabetes mellitus, cardiovascular disease, stroke, and some types of cancer [2] . The World Health Organization predicts a 75% surge of cancer occurrence worldwide in the next 20 years and reducing the obesity rate Organization predicts a 75% surge of cancer occurrence worldwide in the next 20 years and reducing the obesity rate may prevent many cancers [3] . Cancer-specific mortality is significantly increased in obese men and women with many common cancer types, such as cancers of the liver, pancreas, stomach, esophagus, colon and rectum, gallbladder, kidney, prostate, breast, uterus, cervix, and ovary, as well as multiple myeloma and non-Hodgkin's lymphoma [4] .
It is well known that obesity is a chronic inflammatory status with increased serum levels of tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and IL-1β [5] [6] [7] . The nucleotide-binding domain, leucine-rich-containing family, pyrin domain-containing-3 (abbreviated as NLRP3) inflammasome senses obesity-associated danger signals, leading to caspase-1 activation and subsequent secretion of IL-1β and IL-18 [6] . Infiltration of innate and adaptive immune cells into adipose tissue is linked to metabolic dysfunctions [2] . In obesity, adipose tissue expansion is accompanied with an acute infiltration of neutrophils, which are followed by B and T cells and then by macrophages. The adipose tissue contains increased number of M1 (classically-activated) macrophages, neutrophils, mast cells, CD8+ T cells, CD4+ Th1 cells, natural killer cells, and B cells, which are pro-inflammatory [8] .
Several studies have found that serum levels of IL-17 (also called IL-17A) are increased in obese mice [9, 10] and humans [11] . IL-17A is a key cytokine that plays important roles in many inflammatory and autoimmune diseases as well as some cancers [12, 13] . IL-17A can induce expression of TNF-α, IL-6, and IL-1β cytokines [14] , which are found with increased levels in obesity. It has been demonstrated that IL-17A can inhibit differentiation of pre-adipocytes into adipocytes through suppressing expression of pro-adipogenic peroxisome proliferator-activated receptor γ (PPARγ), CCAAT/enhancer-binding protein α (C/EBPα), and Kruppel-like family 15 (KLF15), but enhancing expression of anti-adipogenic KLF2 and KLF3 [15] . IL-17A receptor C (IL-17RC) expression has been found in human mature adipocytes [16] . However, little information is known about IL-17A's effects on mature adipocytes or adipose tissue. The purpose of the present study was to assess IL-17A's functions in adipose tissue. We found that IL-17A differentially induced inflammatory and metabolic gene expression in the adipose tissues of lean and obese mice.
Results

IL-17A Levels Are Increased in Subcutaneous Adipose Tissue (SAT) of Obese Mice
Mice fed with a high-fat diet became obese at age of 30 weeks ( Figure 1A ) with a body weight approximately 47% heavier than mice (named as lean mice) fed with a regular diet ( Figure 1B , p < 0.001). The weight of subcutaneous adipose tissue (SAT) and visceral adipose tissue (VAT) were also significantly heavier in obese mice than lean mice ( Figure 1C , p < 0.001). IL-17A levels were significantly higher in obese SAT than lean SAT (p < 0.05), while IL-17A levels in obese VAT were slightly, but insignificantly, increased compared to lean VAT ( Figure 1D ). Representative pictures of obese mice (n = 6) fed with a high-fat diet and lean mice (n = 6) fed with a regular diet at age of 30 weeks; (B) animal body weight mean ± SEM (error bars), n = 6 per group, * p < 0.001; (C) adipose tissue weight mean ± SEM (error bars), n = 6 per group, * p < 0.001; and (D) IL-17A levels (pg/mg tissue protein) in adipose tissues, mean ± SEM (error bars), n = 6 per group, * p < 0.05. SAT: Subcutaneous adipose tissue; VAT: visceral adipose tissue.
IL-17A Differentially Induces Inflammatory Gene Expression in the Adipose Tissues of Lean and Obese Mice
Using qRT-PCR to assess mRNA expression, we found that the basal levels (i.e., the control group without IL-17A treatment) of Tnf-α, Il-6, and Il-1β were higher in VAT than SAT in both lean and obese mice (Figure 2A-C) . The basal levels of Tnf-α, Il-6, and Il-1β were higher in the obese adipose tissues than lean adipose tissues except Il-6 in VAT (Figure 2A-C) . IL-17A treatment increased expression of Tnf-α, Il-6, and Il-1β in SAT and VAT with a higher amplitude in obese adipose tissues than lean adipose tissues (Figure 2A-C) . IL-17A treatment increased cyclooxygenase-2 (Cox-2) expression in lean SAT, lean VAT, and obese VAT, but slightly decreased Cox-2 expression in obese SAT ( Figure 2D ). IL-17A treatment also increased expression of its own receptors IL-17ra and IL-17rc in SAT and VAT of both lean and obese mice ( Figure 2E,F) . IL-17A treatment induced expression of C-X-C motif ligand 1 (Cxcl1) and C-C motif ligand 2 (Ccl2) in SAT and VAT of both lean and obese mice ( Figure 2G,H) . However, IL-17A treatment did not increase Ccl20 expression except a slight increase in obese SAT ( Figure 2I ). Representative pictures of obese mice (n = 6) fed with a high-fat diet and lean mice (n = 6) fed with a regular diet at age of 30 weeks; (B) animal body weight mean˘SEM (error bars), n = 6 per group, * p < 0.001; (C) adipose tissue weight mean˘SEM (error bars), n = 6 per group, * p < 0.001; and (D) IL-17A levels (pg/mg tissue protein) in adipose tissues, mean˘SEM (error bars), n = 6 per group, * p < 0.05. SAT: Subcutaneous adipose tissue; VAT: visceral adipose tissue.
Using qRT-PCR to assess mRNA expression, we found that the basal levels (i.e., the control group without IL-17A treatment) of Tnf-α, Il-6, and Il-1β were higher in VAT than SAT in both lean and obese mice (Figure 2A-C) . The basal levels of Tnf-α, Il-6, and Il-1β were higher in the obese adipose tissues than lean adipose tissues except Il-6 in VAT (Figure 2A-C) . IL-17A treatment increased expression of Tnf-α, Il-6, and Il-1β in SAT and VAT with a higher amplitude in obese adipose tissues than lean adipose tissues (Figure 2A-C) . IL-17A treatment increased cyclooxygenase-2 (Cox-2) expression in lean SAT, lean VAT, and obese VAT, but slightly decreased Cox-2 expression in obese SAT ( Figure 2D ). IL-17A treatment also increased expression of its own receptors IL-17ra and IL-17rc in SAT and VAT of both lean and obese mice ( Figure 2E,F) . IL-17A treatment induced expression of C-X-C motif ligand 1 (Cxcl1) and C-C motif ligand 2 (Ccl2) in SAT and VAT of both lean and obese mice ( Figure 2G,H) . However, IL-17A treatment did not increase Ccl20 expression except a slight increase in obese SAT ( Figure 2I ). 
IL-17A Differentially Induces Metabolic Gene Expression in the Adipose Tissues of Lean and Obese Mice
IL-17A treatment increased expression of acyl-CoA synthetase long-chain family member 1 (Acsl1) in SAT and VAT of lean and obese mice ( Figure 3A ). The Acsl1 gene encodes an enzyme to convert free long-chain fatty acids into fatty acyl-CoA esters, thereby playing a key role in lipid biosynthesis and fatty acid degradation. IL-17A treatment increased expression of autophagy related 1 (Atg1) in lean SAT, obese SAT, and lean VAT, but not in obese VAT ( Figure 3B ). Atg1 gene-encoded protein forms a complex with other Atg proteins to sense nutrient availability. IL-17A treatment increased expression of deiodinase, iodothyronine, type II (Dio2) in SAT and VAT of lean and obese mice ( Figure 3C ). Dio2 gene-encoded protein is responsible for deiodination of T4 (3,5,3,5-tetraiodothyronine) into T3 (3,5,3-triiodothyronine) , an important hormone in metabolism. It has been reported that diet-induced obesity is mediated by the JNK/DIO2 signal transduction pathway [17] . IL-17A treatment increased expression of glucose transporter 4 (Glut4) in SAT and VAT of lean mice, but not of obese mice ( Figure 3D ). In contrast, IL-17A induced Glut1 expression in SAT and VAT of both lean and obese mice ( Figure 3E ). Glut proteins facilitate transport of glucose across the plasma membranes of mammalian cells. On the other hand, IL-17A induced expression of nicotinamide N-methyltransferase (Nnmt) in SAT and VAT of obese mice, but not of lean mice ( Figure 3F ). Nnmt gene-encoded protein catalyzes N-methylation of nicotinamide and other pyridines to form pyridinium ions. Nnmt knockdown has been shown to protect against diet-induced obesity [18] . IL-17A treatment increased expression of hormone-sensitive lipase (Hsl), uncoupling protein 1 (Ucp1), peroxisome proliferator-activated receptor-gamma coactivator 1α (Pgc-1α), and acyl-CoA oxidase 1, palmitoyl (Acox1) in SAT and VAT of both lean and obese mice ( Figure 3G -J). Hsl gene-encoded lipase is capable of hydrolyzing a variety of esters. Ucp1 gene-encoded mitochondrial protein separates oxidative phosphorylation from ATP synthesis with energy dissipated as heat. Pgc-1α gene-encoded protein regulates expression of multiple genes in energy metabolism. Acox1 gene-encoded enzyme catalyzes fatty acid beta-oxidation. Two adipokine genes leptin and adiponectin were induced by IL-17A in SAT and VAT of both lean and obese mice, except leptin in lean SAT ( Figure 3K ,L). 
IL-17A treatment increased expression of acyl-CoA synthetase long-chain family member 1 (Acsl1) in SAT and VAT of lean and obese mice ( Figure 3A ). The Acsl1 gene encodes an enzyme to convert free long-chain fatty acids into fatty acyl-CoA esters, thereby playing a key role in lipid biosynthesis and fatty acid degradation. IL-17A treatment increased expression of autophagy related 1 (Atg1) in lean SAT, obese SAT, and lean VAT, but not in obese VAT ( Figure 3B ). Atg1 gene-encoded protein forms a complex with other Atg proteins to sense nutrient availability. IL-17A treatment increased expression of deiodinase, iodothyronine, type II (Dio2) in SAT and VAT of lean and obese mice ( Figure 3C ). Dio2 gene-encoded protein is responsible for deiodination of T4 (3,5,3,5-tetraiodothyronine) into T3 (3,5,3-triiodothyronine), an important hormone in metabolism. It has been reported that diet-induced obesity is mediated by the JNK/DIO2 signal transduction pathway [17] . IL-17A treatment increased expression of glucose transporter 4 (Glut4) in SAT and VAT of lean mice, but not of obese mice ( Figure 3D ). In contrast, IL-17A induced Glut1 expression in SAT and VAT of both lean and obese mice ( Figure 3E ). Glut proteins facilitate transport of glucose across the plasma membranes of mammalian cells. On the other hand, IL-17A induced expression of nicotinamide N-methyltransferase (Nnmt) in SAT and VAT of obese mice, but not of lean mice ( Figure 3F ). Nnmt gene-encoded protein catalyzes N-methylation of nicotinamide and other pyridines to form pyridinium ions. Nnmt knockdown has been shown to protect against diet-induced obesity [18] . IL-17A treatment increased expression of hormone-sensitive lipase (Hsl), uncoupling protein 1 (Ucp1), peroxisome proliferator-activated receptor-gamma coactivator 1α (Pgc-1α), and acyl-CoA oxidase 1, palmitoyl (Acox1) in SAT and VAT of both lean and obese mice ( Figure 3G-J) . Hsl gene-encoded lipase is capable of hydrolyzing a variety of esters. Ucp1 gene-encoded mitochondrial protein separates oxidative phosphorylation from ATP synthesis with energy dissipated as heat. Pgc-1α gene-encoded protein regulates expression of multiple genes in energy metabolism. Acox1 gene-encoded enzyme catalyzes fatty acid beta-oxidation. Two adipokine genes leptin and adiponectin were induced by IL-17A in SAT and VAT of both lean and obese mice, except leptin in lean SAT ( Figure 3K ,L). 
IL-17A Differentially Activates Signaling Pathways in the Adipose Tissues of Lean and Obese Mice
We found that the basal levels of p-STAT3 (signal transducer and activator of transcription 3), p-ERK (extracellular signal-regulated kinase), and p-Akt were higher in obese SAT than lean SAT ( Figure 4A ,C-E). IL-17A treatment increased p-STAT3 levels in obese SAT, but not much in lean SAT. In contrast, IL-17A treatment increased p-ERK levels in lean SAT, but not much in obese SAT (and even reduced at 120 min) ( Figure 4A,C,D) . IL-17A did not have any effects on p-Akt levels in either lean or obese SAT ( Figure 4A ,E). We consistently found that the basal levels of p-STAT3 and p-ERK were higher in obese VAT than lean VAT, whereas the basal levels of p-Akt were lower in obese VAT than lean VAT ( Figure 4B,F,H) . IL-17A treatment slightly increased p-STAT3 levels in obese VAT and p-ERK levels in lean VAT, but did not have any effects on p-Akt levels ( Figure 4B,F,H) . 
We found that the basal levels of p-STAT3 (signal transducer and activator of transcription 3), p-ERK (extracellular signal-regulated kinase), and p-Akt were higher in obese SAT than lean SAT ( Figure 4A ,C-E). IL-17A treatment increased p-STAT3 levels in obese SAT, but not much in lean SAT. In contrast, IL-17A treatment increased p-ERK levels in lean SAT, but not much in obese SAT (and even reduced at 120 min) ( Figure 4A,C,D) . IL-17A did not have any effects on p-Akt levels in either lean or obese SAT ( Figure 4A,E) . We consistently found that the basal levels of p-STAT3 and p-ERK were higher in obese VAT than lean VAT, whereas the basal levels of p-Akt were lower in obese VAT than lean VAT ( Figure 4B,F,H) . IL-17A treatment slightly increased p-STAT3 levels in obese VAT and p-ERK levels in lean VAT, but did not have any effects on p-Akt levels ( Figure 4B,F,H) . 
IL-17A Induces Adipokine Expression in Adipocytes
Mouse 3T3-L1 preadipocytes were differentiated into mature adipocytes as evidenced by increased Oil Red O staining ( Figure 5A,B) . The basal level expression of leptin, adiponectin, and adipocyte protein Ap2 (also named fatty acid binding protein 4, adipocyte, Fabp4) in the adipocytes was significantly increased compared to the preadipocytes ( Figure 5C-E) . Further, IL-17A treatment significantly increased expression of leptin, adiponectin, and Ap2 in the adipocytes. In contrast, IL-17A significantly increased leptin expression, but not adiponectin or Ap2 expression in the pre-adipocytes ( Figure 5C-E) . 
IL-17A Differentially Induces Inflammatory Gene Expression in Pre-Adipocytes and Adipocytes
The basal level expression of Tnf-α, Il-6, and Cox-2 was significantly increased in the adipocytes compared to the pre-adipocytes, whereas the basal level expression of Il-1β, IL-17ra, and IL-17rc was significantly decreased in the adipocytes compared to the pre-adipocytes ( Figure 6A-F) . Nevertheless, IL-17A treatment significantly increased expression of Tnf-α, Il-6, Il-1β, Cox-2, IL-17ra, and IL-17rc in both the pre-adipocytes and adipocytes ( Figure 6A-F) . Similarly, IL-17A treatment significantly increased expression of Cxcl1, Ccl2, and Ccl20 in both the pre-adipocytes and adipocytes ( Figure 6G-I) . 
IL-17A Differentially Induces Metabolic Gene Expression in Pre-Adipocytes and Adipocytes
The basal level expression of Acsl1, Atg1, Dio2, Glut4, Hsl, and Nnmt was significantly higher in the adipocytes than the pre-adipocytes ( Figure 7A-F) . In contrast, the basal level expression of Ucp1, Pgc-1α, and Acox1 was significantly lower in the adipocytes than the pre-adipocytes ( Figure 7H-J) . There was no difference in the basal level expression of Glut1 between the adipocytes and the pre-adipocytes ( Figure 7G ). IL-17A treatment significantly increased expression of Acsl1, Atg1, Dio2, Glut4, and Hsl in the adipocytes ( Figure 7A-E) , and also increased expression of Atg1, Dio2, and Nnmt in the pre-adipocytes ( Figure 7B,C,F) . In contrast, IL-17A did not have any significant effects on expression of Glut1, Ucp1, Pgc-1α, and Acox1 (Figure 7G-J) . 
The basal level expression of Acsl1, Atg1, Dio2, Glut4, Hsl, and Nnmt was significantly higher in the adipocytes than the pre-adipocytes (Figure 7A-F) . In contrast, the basal level expression of Ucp1, Pgc-1α, and Acox1 was significantly lower in the adipocytes than the pre-adipocytes (Figure 7H-J) . There was no difference in the basal level expression of Glut1 between the adipocytes and the pre-adipocytes ( Figure 7G ). IL-17A treatment significantly increased expression of Acsl1, Atg1, Dio2, Glut4, and Hsl in the adipocytes ( Figure 7A-E) , and also increased expression of Atg1, Dio2, and Nnmt in the pre-adipocytes ( Figure 7B,C,F) . In contrast, IL-17A did not have any significant effects on expression of Glut1, Ucp1, Pgc-1α, and Acox1 ( Figure 7G-J 
IL-17A Differentially Activates Signaling Pathways in Preadipocytes and Adipocytes
We found that the basal levels of p-IκBα, p-ERK, and p-Akt were higher in the adipocytes than the pre-adipocytes (Figure 8A-E) . In the adipocytes, IL-17A treatment slighted increased p-IκBα levels at 5 to 120 min after the treatment, while it dramatically increased p-STAT3 levels at 15 to 30 min and p-Akt levels at 30 to 60 min after treatment ( Figure 8A-E) . In the pre-adipocytes, IL-17A treatment only slightly increased p-STAT3 levels at 120 min after treatment (Figure 8A-E) . The time-dependent differences in IL-17A-activated signaling pathways between pre-adipocytes and adipocytes are shown in Figure 8B -E. 
We found that the basal levels of p-IκBα, p-ERK, and p-Akt were higher in the adipocytes than the pre-adipocytes (Figure 8A-E) . In the adipocytes, IL-17A treatment slighted increased p-IκBα levels at 5 to 120 min after the treatment, while it dramatically increased p-STAT3 levels at 15 to 30 min and p-Akt levels at 30 to 60 min after treatment ( Figure 8A-E) . In the pre-adipocytes, IL-17A treatment only slightly increased p-STAT3 levels at 120 min after treatment ( Figure 8A-E) . The time-dependent differences in IL-17A-activated signaling pathways between pre-adipocytes and adipocytes are shown in Figure 8B- Figure 8 . IL-17A differentially activates signaling pathways in pre-adipocytes and adipocytes.
(A) The pre-adipocytes and adipocytes were treated without (time zero) or with 20 ng/mL IL-17A for 5, 15, 30, 60, and 120 min; proteins were assessed by Western blot analysis; GAPDH was probed for loading control; (B-E) quantification of the Western blot results in (A); data are mean ± standard error of the mean (SEM) of three independent experiments; a p < 0.05, compared to the untreated group of the pre-adipocytes; b p < 0.05, compared to the untreated group of the adipocytes.
Discussion
Obesity and obesity-associated comorbidities are tightly linked to inflammation [8] . VAT and SAT, particularly VAT, have been found to be inflammatory depots in humans [19] . Diet-induced obesity increases the Th17 cell number in the mouse spleen, which predisposes the animals to The pre-adipocytes and adipocytes were treated without (time zero) or with 20 ng/mL IL-17A for 5, 15, 30, 60, and 120 min; proteins were assessed by Western blot analysis; GAPDH was probed for loading control; (B-E) quantification of the Western blot results in (A); data are mean˘standard error of the mean (SEM) of three independent experiments; a p < 0.05, compared to the untreated group of the pre-adipocytes; b p < 0.05, compared to the untreated group of the adipocytes.
Obesity and obesity-associated comorbidities are tightly linked to inflammation [8] . VAT and SAT, particularly VAT, have been found to be inflammatory depots in humans [19] . Diet-induced obesity increases the Th17 cell number in the mouse spleen, which predisposes the animals to autoimmune diseases [9] . Diet-induced obesity also increases Th17 cell number in mouse adipose tissue because adipose tissue dendritic cells secrete higher levels of IL-6, TGF-β, and IL-23 to promote Th17 cell generation [20] . Our study found that obese SAT had higher levels of IL-17A protein than lean SAT, which is consistent to the previous report [20] .
Given that IL-17A is expressed at high levels in adipose tissue, we decided to assess IL-17A's functions in adipose tissues of lean and obese mice. We found that the basal levels of Tnf-α, Il-6, and Il-1β were higher in VAT than SAT in both lean and obese mice, and the basal levels of Tnf-α, Il-6, and Il-1β were higher in the obese adipose tissues than lean adipose tissues. These findings were consistent with the previous results in humans [19] . We found that IL-17A treatment increased expression of Tnf-α, Il-6, and Il-1β in SAT and VAT with a higher amplitude in obese adipose tissues than lean adipose tissues. IL-17A treatment also increased expression of Cox-2, IL-17ra, IL-17rc, Cxcl1, and Ccl2, albeit at different amplitudes. In addition, we found that IL-17A treatment increased expression of multiple metabolic genes, such as Acsl1, Atg1, Dio2, Glut4, Nnmt, Hsl, Ucp1, Pgc-1α, and Acox1. These findings suggest that IL-17A may affect metabolism in adipose tissues. TNF-α, IL-6, and IL-1β have been known for their roles in impairing insulin signaling [7] . Further studies are warranted to determine whether and how IL-17A is associated with metabolic dysfunctions.
Since adipose tissue contains a variety of cells including pre-adipocytes, adipocytes, fibroblasts, endothelial cells, and immune cells, we did not know how much effects of IL-17A were on the adipocytes. Therefore, we used mouse 3T3-L1 pre-adipocyte-derived adipocytes to investigate IL-17A's effects on the adipocytes. We found that IL-17A induced expression of inflammatory genes, such as Tnf-α, Il-6, Il-1β, Cox-2, IL-17ra, IL-17rc, Cxcl1, Ccl2, and Ccl20 in both pre-adipocytes and adipocytes. IL-17A also induced expression of metabolic genes, such as Acsl1, Atg1, Dio2, Glut4, and Hsl1 in the adipocytes. However, IL-17A induced expression of only Atg1, Dio2, and Nnmt in the pre-adipocytes. In general, the effects of IL-17A on adipocytes appear consistent with its effects on adipose tissues. Nevertheless, there are some differences between adipocytes and adipose tissues in regard to the specific genes and amplitudes of induction by IL-17A. We believe that the differences are due to the heterogeneity of the cells in adipose tissues. We did notice that the basal levels of activated signaling pathways such as ERK and Akt were increased in both obese adipose tissues and adipocytes, and IL-17A treatment further enhanced activation of STAT3 in both obese adipose tissues and adipocytes. IL-17A activates the signaling pathways and induces gene expression differently between the adipose tissues and adipocytes may suggest a tissue-specific function of IL-17A. This is further suggested by an early study showing a different gene expression profile induced by IL-17A in the pre-osteoblast cell line MC3T3-E1 [21] . Our findings indicate that IL-17A differentially induces inflammatory and metabolic gene expression in the adipose tissues of lean and obese mice.
Materials and Methods
Animals and Adipose Tissue Culture
Animal study was approved by the Animal Care and Use Committee of Tulane University (Protocol# 4125R2, 3/19/2015-3/18/2018). Twelve male mice (strain genetic background C.129S4 (B6)) were used. At three weeks of age, six mice (n = 6) were fed with a regular diet (13.2% calories by fat, cat# 5053, LabDiet, Brentwood, MO, USA) and six mice (n = 6) were fed with a high-fat diet (60% calories by fat, cat# D12492, Research Diets, New Brunswick, NJ, USA). The diet compositions provided by the manufacturers are shown in Tables 1 and 2 . Animal body weight was measured weekly. At 30 weeks of age, animals were euthanized. Subcutaneous adipose tissue (SAT) was dissected from bilateral inguinal regions. Visceral adipose tissue (VAT) was dissected from bilateral epididymal adipose tissue pads. After weighing, a portion of SAT and VAT was homogenized for isolating proteins for enzyme-linked immunosorbent assay (ELISA) of IL-17A. The remaining SAT and VAT were washed three times with phosphate-buffered saline (PBS, pH 7.40) and cut into 1-2 mm 3 cubes. A portion of adipose tissue cubes was randomly split into a control group and a treatment group cultured in serum-free Dulbecco's Modified Eagle Medium (DMEM, pH 7.40, Mediatech, Inc., Manassas, VA, USA) in 1.5-mL Eppendorf tubes in a 5% CO 2 humidified incubator at 37˝C. The control group was treated with PBS and the treatment group was treated with 20 ng/mL recombinant mouse IL-17A (R and D Systems, Inc., Minneapolis, MN, USA) for 2 h, in order to assess the direct effects of IL-17A. Then, the adipose tissues were homogenized for RNA isolation. Similarly, another portion of adipose tissue cubes was randomly split into a control group and a treatment group cultured in serum-free DMEM and treated with PBS (control group) or 20 ng/mL IL-17A for 15, 30, and 120 min. After treatment, the adipose tissues were homogenized for isolating proteins for Western blot analysis. 
Cell Culture and Adipocyte Differentiation
Mouse 3T3-L1 cell line was obtained from American Type Culture Collection (ATCC, Manassas, VA, USA), which is considered as a pre-adipocyte cell line that may differentiate into mature adipocytes in a confluent and contact inhibited state [22] . 6ˆ10 5 cells/well were seeded into six-well plates and incubated in DMEM supplemented with 10% bovine calf serum (BCS; Mediatech, Inc.) and 1% penicillin/streptomycin in a 5% CO 2 humidified incubator at 37˝C. Two days later, the cells grew into full confluence and were cultured in differentiation medium containing DMEM supplemented with 10% fetal bovine serum (FBS), 10 µg/mL insulin, 1 µM dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine, and 2 µM rosiglitazone (Sigma-Aldrich, St. Louis, MO, USA) [23] [24] [25] . After two days, the medium was changed to DMEM with 10% FBS and 10 µg/mL insulin. Two days later, the medium was changed to DMEM with 10% FBS only every two days. After a total of 10 days of adipocyte differentiation, representative wells were randomly selected, fixed with 10% formalin, and stained with Oil Red O (Sigma-Aldrich) for 10 min at room temperature to assess lipid accumulation in mature adipocytes. The pre-adipocytes and mature adipocytes were cultured in serum-free DMEM for 12 h and then treated with PBS (control group) or 20 ng/mL IL-17A for 2 h followed by RNA isolation, or treated for 5, 15, 30, 60, and 120 min followed by protein isolation and Western blot analysis.
Quantitative Real-Time Reverse Transcriptase Polymerase Chain Reaction (qRT-PCR)
Total RNAs were isolated from homogenized adipose tissues or cells using RNeasy Kit (QIAGEN, Valencia, CA, USA) according to the manufacturer's instructions. Genomic DNA contamination was avoided by using DNaseI digestion. RNA was reversed to cDNA using iScript™ cDNA synthesis kit (Bio-Rad Laboratories, Hercules, CA, USA). All PCR primers were obtained from Eurofins (Huntsville, AL, USA) and the sequences are shown in Table 3 . Real-time PCR was conducted using iQ5 ® iCycler and iQ™SYBRGreen Supermix (Bio-Rad Laboratories) following the manufacturer's instructions. The result of each group was normalized to its own glyceraldehyde-3-phosphate dehydrogenase (Gapdh) level using the formula ∆C t (Cycle threshold) = C t of target gene-C t of Gapdh. The fold change of the mRNA level of each treatment group was calculated as 2´∆ ∆Ct , where ∆∆C t = ∆C t of the target gene in the treatment group-∆C t of the target gene in the control group. duplicate wells in 96-well plates. The mean of the duplicate readings was used to calculate IL-17A concentrations (unit: pg/mL) using a linear regression curve derived from a series of IL-17A protein standards provided in the kit. Then, IL-17A levels (pg/mg tissue protein) in the adipose tissues were calculated as IL-17A concentration (unit: pg/mL) divided by the tissue protein concentration (unit: mg/mL) of each protein sample.
Statistical Analysis
Statistical analysis was performed using GraphPad Prism software version 6.1 (GraphPad Software, La Jolla, CA, USA). The results were presented as mean˘standard error of the mean (SEM) and were analyzed using Student's t-test and two-way analysis of variance (ANOVA) and Tukey's test. p < 0.05 was considered as statistical significant.
Conclusions
The present study demonstrates that IL-17A levels are higher in obese SAT than lean SAT. The basal level expression of inflammatory and metabolic genes is different between SAT and VAT and between lean and obese adipose tissues. IL-17A differentially induces inflammatory and metabolic gene expression in the adipose tissues of lean and obese mice. These findings suggest that IL-17A may play important roles in obesity-associated inflammation and metabolic disorders.
